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Abstract 

Urban shrinkage is one of the more popular topics in recent years, and shrinking cities 
refer to those cities that have lost people for various reasons. In this paper, two sets of 
assessment models, hierarchical analysis and entropy method, are mainly used to study 
the problem. The two models are mixed and complementary to each other, and the work 
of determining the indicators and assigning weights is completed scientifically and 
rigorously. The entropy method model is still used in the calculation of the 
comprehensive urban index and the contraction degree. The evaluation of the index is 
completed by standardizing the indicators and calculating the proportion. In this paper, 
it is determined that the population of a city is represented by the degree of contraction 
of the city. After that, the curves are plotted to explore the relationship between the 
degree of urban contraction and the changes of economic and social indicators 
respectively. Through the model study and data analysis, the paper completes the 
further understanding and knowledge of shrinking cities and explores the current 
situation of shrinking cities in Liaoning Province. 
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1. Introduction 

The concept of shrinking cities was first introduced in 1988 by German scholars as a generic 
term for cities that are experiencing urban depopulation or even localized hollowing out[1]. In 
2004, the Shrinking Cities International Research Network (SCIRN) adopted this term and 
defined shrinking cities as "densely populated urban areas with a population of 10,000 or more 
that face population loss for more than two years and experience a structural economic crisis". 
"In 2012, Wickman built on the SCIRN definition by suggesting that a shrinking city is a densely 
populated urban area with a population of more than 100,000 that has been affected by a 
structural economic crisis that has resulted in a loss of population in the urban area for more 
than two consecutive years[2]. 

Shrinking cities, the object of much attention in recent years, have caused a number of negative 
impacts and problems. First of all, shrinking cities represent a loss of population and a 
stagnation of economic development, which makes it difficult to support large-scale public 
construction; secondly, the shrinkage phenomenon leads to a decrease in the attractiveness of 
cities to human resources; and finally, shrinking cities have a significant impact on the price of 
real estate in the region. In addition to these, the essence of shrinking cities - population loss - 
has significant negative political, economic and socio-cultural impacts[3]. 

Therefore, the best solution to this phenomenon and its consequences is to correctly judge and 
evaluate shrinking cities, to explore their characteristics, and to accurately predict their 
development trends. In this paper, we also use scientific methods to establish models and 
further study shrinking cities based on realistic data. 
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2. Assumptions 

2.1. Assumptions 

We use the following assumptions.  

(1) The urban population has been declining for three consecutive years 

(2) Loss of population for more than 2 years and experiencing a structural economic crisis 

(3) Population loss of 60% of the total population or an average annual rate of population loss 
greater than 1 %. 

3. Model building and solving 

3.1. Model Preparation 

The fundamental of hierarchical analysis makes the scoring method, i.e., by determining the 
criterion level and the indicator level The evaluation of the data is carried out by determining 
the scores for different program indicators and determining the weights for the indicators, 
among other steps. Hierarchical analysis decomposes the problem into a variety of constituent 
factors, which are clustered and combined at different levels according to their association, 
influence and affiliation, forming a multi-level analysis structure model. The problem is finally 
reduced to the determination of the relative importance of the bottom level in relation to the 
top level or the ranking of the relative advantages and disadvantages[4]. 

The weighting of each indicator in the hierarchical analysis method comes from the opinions of 
experts and the accumulation of common knowledge and experience, so it contains more 
subjective colors and factors. In order to evaluate the target more scientifically and rigorously, 
a more objective evaluation model is needed. Therefore, it is necessary to use the entropy 
method to evaluate the model comprehensively. 

The entropy method is a more objective evaluation model that determines the weight of 
indicators by accurately calculating and quantitatively analyzing the dispersion of the 
indicators. AHP and entropy method are the most scientific, rigorous and convincing evaluation 
models[5]. 

The entropy method is an objective assignment method that reflects the degree of influence of 
each indicator on the comprehensive index of urban development based on the degree of 
variation of the indicator. Accordingly, this paper also adopts the entropy method to calculate 
the comprehensive index value of cities. 

3.2. Analysis and classification of cities 

3.2.1. Selection of data and identification of indicators 

Whether it is a hierarchical analysis evaluation model or an entropy method evaluation model, 
evaluation indicators are a key part. In the given data, prefecture-level cities and county-level 
cities have provided 8 and 6 data respectively. Among them but the data common to both are 
processed, otherwise it is impossible to unify the evaluation indicators. Therefore, the data that 
can be used are five items of population, GDP, total retail sales of consumer goods, public budget 
expenditure, and employed persons in secondary and tertiary industries. On the basis of these 
five used data, certain data can be extended. For example, population data can be extended into 
population indicators and population growth rate indicators. The eight indicators obtained for 
evaluation in this way are population, population growth rate, GDP growth rate, GDP per capita, 
fixed asset input, public expenditure, total retail sales of consumer goods, and real estate 
investment. If blank data are used, an average data is assigned. 
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3.2.2. Calculation of weights by hierarchical analysis model 

Subjective assignments were made through common sense and experience, and the indicators 
were ranked as follows, in descending order of influence from front to back indicators on the 
overall evaluation. Population, fixed asset investment, total retail sales of consumer goods, real 
estate investment, natural population growth rate, public revenue, GDP per capita, and GDP 
growth rate. 

After completing the identification of the indicators, the eight indicators can then be grouped 
into three criteria: demographic dimension, economic dimension, and social dimension. Thus, 
the establishment of the criterion layer and the indicator layer in the hierarchical analysis 
method is completed, as shown in Table 1. 

Table 1 Weight values after hierarchical analysis method 

Indicator serial number Indicator Name Weighting value 

Indicators 1 Public Finance Revenue 0.09 

Indicators 2 Total Consumer Retail Sales 0.14 

Indicators 3 Real Estate Investment 0.13 

Indicators 4 Per capita GDP 0.09 

Indicators 5 GDP Growth rate 0.08 

Indicators 6 Fixed assets input 0.15 

Indicators 7 Population 0.22 

Indicators 8 Population growth rate 0.10 

3.2.3. Calculation of weights by entropy method model 

The objective assignment is made by the entropy value method, and the weight of each 
indicator is determined by reflecting the degree of influence of each indicator on the 
comprehensive index of urban development based on the degree of variation of the indicators. 
According to the dispersion degree of each indicator, the weight values are obtained as in Table 
2. 

Table 2 Entropy method evaluation model weight value table 

Indicator serial number Indicator Name Weighting value 

Indicators 1 Public Finance Revenue 0.13 

Indicators 2 Total Consumer Retail Sales 0.12 

Indicators 3 Real Estate Investment 0.12 

Indicators 4 Per capita GDP 0.11 

Indicators 5 GDP Growth rate 0.10 

Indicators 6 Fixed assets input 0.17 

Indicators 7 Population 0.14 

Indicators 8 Population growth rate 0.11 

3.2.4. City Composite Index Assessment 

Based on the given data, through normalization and entropy calculation, we finally arrive at 
eight indicators and the weights are (as in Table 3): population 0.1797, natural growth rate 
0.1119, GDP per capita 0.0957, GDP natural growth rate 0.0884, fixed asset investment 0.1576, 
real estate investment 0.1266, public finance revenue 0.1119, and Total retail sales of consumer 
goods 0.1282. 
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Table 3 Comprehensive evaluation (AHP + entropy value method) model weight value table 

Indicator serial number Indicator Name Weighting value 

Indicators 1 Public Finance Revenue 0.11 

Indicators 2 Total Consumer Retail Sales 0.13 

Indicators 3 Real Estate Investment 0.12 

Indicators 4 Per capita GDP 0.10 

Indicators 5 GDP Growth rate 0.09 

Indicators 6 Fixed assets input 0.16 

Indicators 7 Population 0.18 

Indicators 8 Population growth rate 0.11 

As analyzed before, neither the entropy method nor the layer measurement analysis method 
alone can be used to evaluate the model in a scientifically rigorous way to obtain data analysis 
results. Therefore, the values of model weights are evaluated comprehensively in this model. 

Then, according to the weights and data corresponding to the indicators, the city composite 
indexes of prefecture-level cities and county-level cities are calculated separately, and the 
specific process is as follows. 

First, the indicators are standardized. In order to avoid the inconsistency of measurement units 
of each index, standardization is required. With n years and m indicators, xjj is the jth indicator 
in year i (i=1, 2..., n; j=1, 2,...m), and the positive and negative indicators represent different 
meanings, and the corresponding calculation formula is as follows. 

 U’ij =
Xij−minXj

maxXj−minXj
 (1) 

 X’ij =
maxXj−Xij

maxXj−minXj
 (2) 

Then calculate the weights of each indicator, first calculate the weight of j indicators in year i of 
the indicator Pij 

 Pij =
Yij

∑ Yij
n
i=1

 (3) 

Then calculate the entropy value of the jth indicator Ej 

 Ej = −
1

ln(n)
∑ Pijln(Pij)
n
i=1  (4) 

The redundancy of the jth indicator dj 
 dj = 1 − Ej (5) 

Therefore the weight of each indicator Wj 

 Wj =
1−Ej

∑ （1−Ej）
n
i=1

 (6) 

Finally, the composite index Zi of the city and the shrinking degree Shrinking of the city are 
calculated 

 Zi = ∑ （WjYij）
n
j=1  (7) 

 Shrinking=(Z_2017-Z_max)*100% (8) 

After the above calculations, the combined city values and the city shrinkage are obtained. 

3.2.5. Summary 

Through comparative analysis, we use whether a city's shrinkage exceeds 10 percent as a 
criterion to determine whether a city is a shrinking city. The size of the indicators in the 
criterion level is then used to determine which of the cities is a population-driven shrinking city, 
an economic-driven shrinking city, or a social-driven shrinking city. For example, in the 
population dimension, the sum of the two indicators of Tieling's population dimension is 
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0.056728, which is smaller than that of other cities. Therefore, it is a population-dominated 
shrinking city. According to this method, the ranking of the weight values of each dimensional 
criterion layer of the prefecture-level cities is obtained, and the final conclusions obtained on 
this basis are shown in Table 4 and  

Table 5. 

Table 4 Prefecture-level city classification 

Classification of 14 prefecture-level cities in Liaoning Province 

Grading the degree of urban 
contraction 

prefecture-level city Quantity 

Population-led shrinking 
cities 

Tieling, Anshan, Fushun, Liaoyang 4 

Economy-led shrinking cities Dandong, Fuxin, Benxi 3 

Socially-driven shrinking 
cities 

Huludao, Jinzhou, Yingkou, Chaoyang 4 

Non-shrinking cities Shenyang, Dalian, Panjin 3 

 

Table 5 County Classification 

Classification of 14 prefecture-level cities in Liaoning Province 

Grading the degree of urban 
contraction 

County-level cities Quantity 

Population-led shrinking 
cities 

Diaobingshan, Dengta, Beizhen, 
Linghai, Xingcheng, Dashiqiao, 

Wafangdian 
7 

Economy-led shrinking cities 
Kaiyuan, Beipiao, Gaizhou, Fengcheng, 

Zhuanghe 
5 

Socially-driven shrinking 
cities 

Xinmin, Lingyuan, Donggang, Haicheng 4 

Non-shrinking cities None 0 

3.3. The impact of economic and social factors on urban population 

3.3.1. Data Analysis 

Taking Fuxin city as an example, the indicators that affect Fuxin city composite index in 
economic dimension and social dimension are GDP per capita, GDP growth rate, fixed asset 
investment, real estate investment and public revenue, and total retail sales of consumer goods. 

A visual representation of the urban shrinkage phenomenon is the change in population. The 
shrinkage of the city indicates the carrying capacity of the city, which in effect represents the 
population that the city can carry, so the urban shrinkage index can be used to represent the 
urban population. 

Assume that the economy of Fuxin shrinks by a factor of β. The change in the urban shrinkage 
index is shown in Table 6. 

Table 6 Urban contraction index (population) with economic indicators 

Indicators City Shrinkage Index 

Economic Contraction Factorβ Fuxin 

100% -46.46 
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90% -50.7 

80% -53.4 

70% -55.6 

60% -60.7 

50% -59.3 

40% -63.4 

30% -67.9 

20% -70.3 

10% -75.6 

The graph obtained from the table is shown in Figure 1 

 
Figure 1 Change in urban contraction index (population) with shrinking economic indicators 

Assume that each society in Fuxin shrinks γ times. Then the change of urban contraction index 
for is shown in Table 7. 

Table 7 Change in urban shrinkage index (population) with shrinking social indicators 

Indicators City Shrinkage Index 

Economic Contraction Factorβ Fuxin 

100% -46.46 

90% -47.3 

80% -48.5 

70% -50.3 

60% -53.4 

50% -59.6 

40% -69.3 

30% -88.6 

20% -108.6 

10% -130.7 

The graph obtained from the table is shown in Figure 2. 
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Figure 2 Urban shrinkage index (population) with obscene economic indicators 

3.3.2. Summary 

A comparison shows that economic and social indicators have very different impacts. The 
change of economic indicators will greatly affect the contraction of the city, and if the economy 
has problems, it will make the city contract smoothly in the long run and make the population 
decrease rapidly; while the change of social indicators will not worsen the contraction of the 
city when the input is reduced at the beginning, but when the social input is reduced to a certain 
degree the contraction of the city will become very serious, and finally the contraction of the 
city will be very serious and the population loss will also be very serious. 

4. Conclusion 

In the context of revitalizing Northeast China, it is reasonable to believe that in the future, 
resources will be invested in various shrinkage cities. For different types of shrinking cities, 
they will also have different development trends. 

Population-led shrinkage cities (Tieling, Anshan, Fushun, Liaoyang, Tabingshan, Dengta, 
Beizhen, Linghai, Xingcheng, Dashiqiao, Wafangdian): The improvement of population 
structure is a long-term work, so it will not produce immediate effect after resources are 
invested. 

Economic-led shrinkage cities (Dandong, Fuxin, Benxi, Kaiyuan, Beipiao, Gaizhou, Fengcheng, 
Zhuanghe): When the state finance supports the economic-led shrinkage cities, the economic 
situation of each city will be improved faster, but due to the problem of economic structure, it 
still needs a period of time to make the shrinkage cities completely get rid of the shrinkage 
status quo. 

Socially-led contraction cities (Huludao, Jinzhou, Yingkou, Chaoyang, Xinmin, Lingyuan, 
Donggang, Haicheng): Because of the strong organizational and mobilization ability of our Party, 
the problems of each socially-led contraction city will be solved faster, and after some 
contradictions and structural problems in the society are solved, the socially-led contraction 
cities will get better in the contraction problem fairly quickly. 
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